A Bornean red algal population of Laurencia similis Nam et Saito was analyzed for its secondary metabolite composition. Seven compounds were identified: ent-1(10)-aristolen-9-ol (1), (+)-aristolone (2), axinysone B (3), 9-aristolen-1α-ol (4), 2,3,5,6-tetrabromoindole (5), 1-methyl-2,3,5,6-tetrabromoindole (6), and 1-methyl-2,3,5-tribromoindole (7). Compound 1 was identified as a new optical isomer of 1(10)-aristolen-9-ol. Compounds 1, 4 and 5 exhibited good antibacterial activity against antibiotic resistant clinical bacteria and cytotoxic effects against selected cancer cell lines.
The red algal genus Laurencia is known to be a prolific producer of chemically interesting and a structurally diverse array of secondary metabolites [1a-g] . Of the 40 species investigated, only L. similis Nam et Saito and L. brongniartii J. Agardh have the ability to produce polybrominated indoles [2a] . L. similis was first described based on materials collected from Low Isles, Queensland, Australia [2b] . Masuda and coworkers later reported the presence of corps en cerise and the existence of bromoindoles from populations growing in Borneo, Malaysia [2c] . The first finding of a L. similis population that produced brominated indoles, together with aristolane, was reported by Ji et al. [2a] . A recent report by Su et al. described the isolation and identification of two new bromoindoles, 2,2',5,5',6,6'sixbromo-3,3'-bi-1H-indole and 3,5-dibromo-1-methylindole [3a] . In addition, Qin et al. reported five new brominated indoles, 3',5',6',6-tetrabromo-2,4-dimethyldiphenyl ether; 1,2,5-tribromo-3bromoamino-7-bromomethylnaphthalene; 2,5,8-tribromo-3-bromoamino-7-bromomethylnaphthalene; 2,5,6-tribromo-3-bromoamino-7-bromonaphthalene; and 2',5',6',5,6-pentabromo-3',4',3,4-tetrabromomethoxybenzo-phenone [3b] .
To date, populations from Borneo, Malaysia are only known to produce two types of polybrominated indoles. Masuda et al. [2c] and Vairappan et al. [4] both reported the presence of 2,3,5,6 tetrabrominated indole and 1-methyl-2,3,5,6 tetrabrominated indole from the populations studied. During our recent field collection, we obtained several populations of L. similis from the coastal waters of Tunku Abdul Rahman Marine Park, Kota Kinabalu, Sabah, Malaysia. The air dried harvested specimens were extracted in methanol (MeOH), and, from the crude extract, four aristolan type compounds and three bromoindoles were isolated and characterized from their spectroscopic data. These compounds were identified as ent-1(10)-aristolen-9β-ol (1), (+)-aristolone (2), axinysone B (3), 9aristolen-1α-ol (4), 2,3,5,6-tetrabromoindole (5), 1-methyl-2,3,5,6tetrabromoindoles (6), and 1-methyl-2,3,5-tribromoindole (7). ent-1(10)-Aristolen-9b-ol (1) was isolated as clear needle-like solids. Upon detailed spectroscopic analysis it matched the properties of a known compound reported by Shide et al. [5a] . However, the optical rotation value of the isolated compound (1) has an opposite sign compared with the one published. Detailed [3a] . There were misassignments in the placements of the C-14 and C-15 methyl groups. The 13 C chemical shifts of these two methyls were deduced to be 17.0 and 23.3 ppm. Placement of the C-15 methyl group was confirmed by the presence of HMBC cross peaks from H 15 to C-4, C-5, C-6 and C-10.
All seven compounds were evaluated for their antibacterial activities against a panel of four clinical pathogens, and cytotoxic activities against MCF-7, HL60, P388 and ATL cell lines. The bioassay findings are given in Table 1 . In general, compound 5 exhibited stronger antibacterial activities than the other compounds. All four aristolanes showed some antibacterial activity, although not Kamada & Vairappan as strong as compound 5. However, the range of bacteria inhibited was lower and the MIC values were much higher. A similar pattern could be seen for the cytotoxic activities. Of the bromo indoles, only compound 5 showed activity; those with a N-CH 3 functionality did not exhibit any activity at all. This could be a structure related antibacterial and cytotoxic feature. On the other hand, aristolane with one hydroxyl group (1 & 4) seems to be more bioactive than the ones with a ketone functionality (2 & 3) .
Experimental
General: IR, Nexus, Thermo, USA; Optical Rotation Rudolf, Auto Pol V; HRLCTOFMS, Shimadzu, Japan; HPLC, Prominent, Shimadzu, Japan; NMR, Jeol ECA 600 MHz.
Collection and extraction:
Laurencia similis Nam et Saito) was collected from a coral reef at 10 m depth in the waters of Sepanggar Island (Kota Kinabalu, Sabah) (N 04 06' 53.35'' E 118 37' 41.60'') . Representative specimens (BORH2010011) are deposited at the Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah.
Extraction, isolation and structure elucidation: A total of 200 g of air dried seaweed was soaked in methanol (MeOH) at room temperature for approximately 7 days. The resulting MeOH extract was concentrated in vacuo and the concentrate was partitioned between ethyl acetate (EtOAc) and H 2 O. The EtOAc extract was then fractionated using silica gel CC with a step gradient of n-Hex and EtOAc with the ratio 9:1, 8:2, 7:3, 6:4, 1:1 and CHCl 3 :MeOH:H 2 O (65:25:4). The first fraction was then further treated by PTLC using toluene (Tol) and EtoAc (98:2) to obtain compounds 1, 2, 3 and 4, while fraction 2 was further separated using n-Hex and EtoAC (9:1) to obtain 3, 4, 5, 6 and 7. The compounds were subjected to 1 H NMR, 13 C NMR and 2D NMR measurements such as 1 H-1 H COSY, HSQC, HMBC and NOESY. High-resolution mass spectrometric data were measured using a Shimadzu LC-MS-IT-TOF. Other physical characteristics were obtained as described by Vairappan [6a] and Vairappan et al. [6b] .
Cytotoxic activity: Cancer cell lines (MCF-7, Hela, P 388 and ATL) were cultured and tested against the isolated compounds based on the methods described by Sandhya and Mishra [7] .
Antibacterial activity: Antibacterial assay was performed using the disc diffusion method against 4 strains of food pathogenic bacteria: Staphylococcus aureus (HP0808), Staphylococcus sp. (HP1008), Streptococcus pyrogenes (HP1208) and Salmonella enteritidis (HP0608), based on methods described by Vairappan et al. [8] .
